This work explores the synthesis and grafting optimization of PVA-g-GMA hydrogels. The grafting of poly (vinyl alcohol) (PVA) with glycidyl methacrylate (GMA) was conducted by the trans-esterification reaction via introducing methacryloyl groups into PVA chains and glycidol was formed as by-product. The grafting reaction conditions of PVA-g-GMA e.g. GMA concentrations and reaction temperature were optimized. The kinetic parameters e.g. grafting efficiency (GE) and grafting percentage (GP%) were calculated to optimize the grafting reaction, while yield (%) was determined to monitor the hydrogels formation. The instrumental characterizations e.g. 1 H-NMR, FTIR, SEM and TGA/DSC, were investigated for verifying the grafting reaction. The UV-photopolymerization was used for photocrosslinking the water-soluble PVA-g-GMA using Irgacure 2959 (I 2959 ) as a photoinitiator. Results revealed that the grafting reaction dramatically increased with increase of both GMA concentration until 0.15M and reaction temperature at 60 o C. Also, the surface morphological of PVA-g-GMA freeze-dried gels was found more compacted, smooth and uniform due to the grafting process. A significant thermal stability was noticed, due to grafting reaction of PVA-g-GMA throughout TGA and DSC results. The obtained results are very promising and opening new area for conducting further investigations considering the very low price of the used UV crosslinking method compared to the chemical crosslinking method.
INTRODUCTION
Hydrogels networks absorb high amount of water and kept water-insoluble, owing to the chemical or physical crosslinking among the polymer network chains (Bhattarai et al., 2010) . Over sixty years, hydrogels have been used in numerous biomedical disciplines, in ophthalmology as contact lenses and in surgery fields. These hydrogels facilitate the localized and sustained drug release as they have muco-adhesive and bio-adhesive characteristics that improve drug stability time and tissue permeability and can make them excellent drug delivery vehicles (Bhattarai et al., 2010 and Hamidi et al., 2008) . Gelation process can take place by either chemical or physical crosslinking (association, aggregation, crystallization, complexation, and hydrogen bonding) that are reversible due to the conformational changes. While the chemical covalent crosslinking is permanent and irreversible as a result of configurationally changes (Tsung and Burgess, 2012) . However, chemical crosslinked gels are mechanically stable, and the rate of biodegradation of the polymer network is generally controllable. Both photo induced and thermal initiation have been used to prepare synthetic covalent hydrogels. Among these methods, photocrosslinking has several advantages such as; (1) it allows better spatial and temporal control over the reaction, (2) chemical solvent-free, (3) relatively low cost, and (4) rapid cell compatibility and entrapment with high cell viability due to the fast curing rates. Accordingly, photocrosslinking method is preferred for the preparation of covalent hydrogels especially for biomedical applications (Zhong et al., 2010) . PVA is regarded as one of the most frequent and the oldest synthetic hydrophilic polymer, due to its good biocompatibility applied in several advanced biomedical applications e.g. wound dressing (Kamoun et al., 2015a; Kamoun et al., 2015b and Kenawy et al., 2014) wound management (Zhao et al., 2003) , drug delivery systems Menzel, 2010 and Menzel, 2012) , artificial organs, and contact lenses (Marin et al., 2014) . In addition, PVA is also used in wide application sectors including foods, lacquers, resins and cosmetics industries. In the pharmaceutical field, PVA acts as drug coating agent and as a proper material for surgical sutures (Zhang et al., 2007) . It is a semi-crystalline synthetic polymer, not mutagenic, making it suitable for pharmaceutical and biomedical applications (Kamoun et al., 2015a) . PVA has been chemically modified with acrylates and methacrylates by various ways. The addition of unsaturations to polymers allows the reticulation of modified polymers with no crosslinkers addition. The reaction might be carried out through the radical initiator pathway i.e. by UV-light. The esterification reaction occurred previously by the reaction between hydroxyl groups of PVA and GMA for modifying PVA (Crispim et al., 2012; Martens and Anseth, 2000 and Zhao et al., 2010) . Chemical modification of hydroxylated compounds by the insertion of GMA and its posterior crosslinking has been accomplished as an alternative hydrogel synthesis pathway. For example, Martens and Anseth have used an excess of glycidyl acrylate in aqueous media ~ pH 1.5 to modify the PVA (Martens and Anseth, 2000) . They suggested that the reaction occurred through the opening of the GMA epoxy ring (Martens and Anseth, 2000) . Van Dijk-Wolthuis et al., 1995 and Lo & Jiang, 2010 , have investigated the chemical modification of dextran with GMA in DMSO as a solvent catalyzed by 4-(N, N-dimethylamino) pyridine (DMAP). They concluded that the addition of GMA to dextran might occur through the opening of the GMA epoxy ring, too. They found glycidol as a by-product, which resulted in the addition of methacrylate groups (Van Dijk-Wolthuis et al., 1995 and Lo & Jiang, 2010) . However, it was postulated that the trans-esterification reaction would be mainly favored because the formed glycidol is a good leaving group (Van Dijk-Wolthuis et al., 1995) . Recently, GMA was used to modify alginate for producing thermal in-situ polymerizable hydrogels at physiological temperature for cell encapsulation (Wang et al., 2015) . The main goal behind this work is to graft GMA onto PVA and optimize the grafting reaction through the grafting conditions such as, GMA concentration and reaction temperature/time. This work also explores the photocrosslinking of PVA-g-GMA hydrogels using UV-light induced for biomedical applications.
EXPERIMENTAL AND INSTRUMENTAL MEASURE-MENTS

Materials
Polyvinyl alcohol (PVA, M wt. 72000 g/mol) was obtained from (Merck Schuchardt OHG, Hohenbrunn, Germany). Glycidyl methacrylate (GMA) was obtained from (Sigma-Aldrich, Steinheim, Germany). N,N,N',N'-Tetramethyl-ethylenediamine (TEMED) was obtained from (ACROS-Organics Fisher Scientific UK LTD, Loughborogh, UK). Irgacure 2959, I 2959 (2-hydroxy-1-[4-(hydroxyethoxy) phenyl]-2-methyl-1-propanone) was obtained from (Ciba-Chemicals, Basel, Switzerland), and dimethylsulfoxide (DMSO) was purchased from (MSDS-Acros-organics, Steinheim, Germany). The PVA-g-GMA macro-monomer/I 2959 mixture solution was photo-cured using UV-lamp (6 Watt, at 365 nm, 0.08 Amps): (Model-Upland, CA, USA).
Grafting reaction of PVA-g-GMA macro-monomer
The used procedure of grafting reaction of GMA onto PVA was first published by Crispim et al. (2006) , where this procedure has been herein used with a slight modification. Briefly, PVA was dissolved in DMSO to obtain a 5% (w/v) solution. A required amount of GMA was added to PVA solution to obtain the following molar ratios of (PVA/GMA) equal to (1/0.025), (1/0.05), (1/0.07), (1/0.09), (1/0.15) and (1/0.25). TEMED was added as a catalyst in 1.0 mol%, based on -OH groups of PVA. The solution was kept under `gentle stirring for 24h at 60 o C. The modified polymers (PVA-GMA) were precipitated and collected in acetone to remove the excess of GMA. The resultant amounts of PVA-g-GMA are washed twice with hot acetone. Figure 1 shows schematic diagram of grafting reaction of PVA with GMA through trans-esterification reaction.
Preparation of PVA-g-GMA hydrogel
A 20% (w/v) of PVA-g-GMA macro-monomer was partly re-dissolved in mixture of DMSO and hot distilled water till getting a clear solution, followed by addition of 0.1 (w/v, %) of I 2959 photoinitiator at room temperature. The polymer/photoinitiator mixture solution is kept under stirring away from light to avoid any premature crosslinking, until photocrosslinking step. The solution is then exposed direct to UV-lamp at 0 cm distance for 30 seconds to obtain crosslinked PVA-g-GMA hydrogel, as shown in Figure 1 .
Physicochemical Characterizations
The grafting efficiency (GE%) and grafting percentage (GP%) of the obtained PVA-g-GMA grafted polymer were calculated depending on the following equations as follows:
Where W 1 is the weight of graft crosslinked hydrogels (PVA-MA) and W 0 is the weight of native polymer (PVA) for GP%. W PVA-g-GMA is the weight of obtained vacuum-dried PVA-g-GMA macromonomer, W PVA is the initial weight of neat PVA, and W GMA is the initial weight of GMA that has been introduced in the grafting reaction (Mohy Eldin et al. 2015) . While, W 0 is the dried gel weight and W solid content is the weight of initial used polymer in case of yield%. Swelling experiments were performed by immersing the formed hydrogel in distilled water at room temperature till equilibrium swollen polymer occurs and measuring their weight again at interval times for 72 h. The swollen hydrogels were then removed from water, dried carefully with filter paper and weighted. The hydrogels were collected and maintained in vacuum oven for 4 days until constant weight (Mohy Eldin et al. 2015) . The equilibrium swelling degree at different interval times was calculated from the following equation (Kenawy et al., 2014) :
(Eq. 4) Where; W s is the weight of swollen hydrogel samples at interval times and W d is the weight of dried ones. 
Instrumental Characterizations
1
H-NMR, the proton nuclear magnetic resonance-spectra were recorded by a NMR-DRX400 instrument with 300 MHz (BRUCKER, Karlsruhe, Germany). Typically, 50 mg of the polymeric sample was dissolved in 1.0 mL of D 2 O or DMSO-d 6 . Chemical structure of PVA-g-GMA was determined by FTIR spectra for verifying the grafting reaction, (FTIR type: Shimadzu FTIR-8400 S, Kyoto, Japan). Transparent KBr-disks were prepared by grinding the dried sample with infrared grade KBr and then pressing. The spectra were detected by recording 64 scans between 4000-400 cm −1 with a resolution of 2 cm. All samples were freeze-dried using liquid nitrogen, crushed to a fine powder (KBr/sample 130/2 mg) respectively, and pressed by applying a force 105 N into transparent disk (maximum disk weight ~150 mg) with a diameter 13 mm. All samples were measured in transmittance (%) mode.
The surface morphology of the freeze-dried PVA-g-GMA gel samples were investigated by an environmental analytical-scanning electron microscope (SEM type: JEOL, JSM-6360LA, Tokyo, Japan) with 15 KV voltage. The hydrogel was first soaked in deionized water for 24h to bulge the internal channels and remove any impurities as well. The samples were then dehydrated by a sudden freezing using liquid nitrogen followed by lyophilization at -90 o C under 0.5 mbar for 3h [10] . The freeze-dried hydrogel sample was then coated with Au using an ion sputter coater in (model: 11430, USA, connected with vacuum base unit or SPi module control, model: 11425, USA).
The influence of grafting reaction on the thermal stability of PVA-g-GMA crosslinked hydrogels was determined by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). Both combined thermal analysis instruments of DSC and TGA thermo-grams were recorded by NETZSCH-204 (Phoenix TGA instrument, Selb, Germany). The thermal decomposition was investigated from 50-600 o C at a heating rate of 10 o C/min under N 2 flowing rate of 20 mL/min. Certain thermal kinetic parameters were determined from TGA results, such as T onset is defined as the temperature at the intersection of the baseline mass and tangent drawn to the mass curve at the inflection point or point of the greatest rate of mass loss%. T d is the degradation temperature which can be determined at the beginning of the second sharp degradation curve region until the third degradation curve baseline. T 50 is defined as the temperature at which the tested sample is thermally degraded and reached 50% mass loss (Mohy Eldin et al., 2015) . While, Glassy transition temperatures (T g ) is determined from DSC results, the T g is determined as mid-point in the thermograms, as measured from the extensions of the per-and post-transition baselines (Mohy Eldin et al., 2015) .
RESULTS AND DISCUSSION
Grafting verification
1 H-NMR spectra 1 H-NMR spectra of PVA, GMA, and PVA-g-GMA (1/0.025 M) macro-monomer before crosslinking are presented in Figure 2 , respectively. 1 H-NMR spectrum of GMA shows a signal peak at δ 1.86 ppm corresponding to the methyl group. In addition, two multiplet signals at the range δ 2.629-2.638 ppm and δ 2.759 -2.777 ppm were observed, corresponding to two protons of the -CH 2 group in the epoxy ring, (H a ) and (H b ) (Figure 2) . A multiplet signal is observed too at δ 3.19-3.22 ppm, corresponding to the -CH group. Also at the range δ 3.865-3.904 ppm and δ 4.42-4.451 ppm, two multiple signals are observed, each equivalent to one proton corresponding to the O-CH 2 group. The presence of singlet peak at δ 5.60 and 6.03 ppm is attributed to the vinyl protons of the methacrylate group (Figure 2) . The 1 H-NMR spectrum of the modified PVA-g-GMA grafted macro-monomer shows the appearance of -CH 3 and vinyl protons signals, which verifies the grafting step by the presence of methacryloyl groups on PVA. After UV-light placement, the signals of at δ 5.6 and 6.03 ppm are going to disappear as the crosslinking occurs through C=C bond that has the vinyl protons as aforementioned verified.
FTIR analysis
FTIR analysis is a helpful tool to prove the occurred grafting reaction between PVA and GMA forming PVA-g-GMA with molar ratio (1/0.025) crosslinked hydrogel, where C=C bond disappeared after gelation occurring by UV photopolymerization process. The FTIR spectra of PVA, GMA, and PVA-g-GMA are shown in Figure 3 . In the PVA spectrum, the characteristic bands can be detected as follows, -OH groups at 3402 cm . In the spectrum of GMA, some characteristic bands can also be assigned to the respective groups as stretching of C=O due to methacryloyl groups at 1712 cm ) and absence of out-of-plan bending of R 2 C=CH 2 (937 cm −1 ) which proves that the graft crosslinked hydrogel formation occurred through the C=C bond. It should be pointed out that the intensity of C=O band is raised by the increase amount of GMA in the feed solution used in the PVA chemical modification. 
Morphology investigation by SEM
The morphology of PVA-g-GMA hydrogels prepared by the strategy of cryo-fixation and cryo-fracturing technique was analyzed by SEM. The morphologies of freeze-dried hydrogels based on PVA-g-GMA synthesized with different ratios of GMA [-OH(PVA)/GMA]: (1/0), (1/0.025), (1/0.05), (1/0.07), (1/0.15), and (1/0.25) M are presented in Figure 4 . As shown, surface morphology of PVA hydrogels (without GMA) presents a rough, rugged and heterogeneous surface structure ( Figure 4A ), while PVA-g-GMA hydrogels with different GMA ratios exhibit a relatively smooth, uniform surface, compressed, and non-porous surface structure with few tiny cracks which clearly appear by increasing the content of GMA in hydrogels ( Figures 4B-F) . This might be attributed to increasing amount of GMA onto PVA increases the compactness surface structure of hydrogel owing to the crosslinking density increase, which resulted in a smooth and uniform surface structure appearance. The current influence of grafting reaction of GMA onto PVA on the surface morphology is similar to the influence of grafting L-arginine onto alginate hydrogels and crosslinked dextran-HEMA hydrogels (Mohy Eldin et al., 2015 and Liu et al., 2005) . 
Optimization of grafting reaction
Effect of GMA concentration
As GMA is the second main component of hydrogel composition, therefore it was expected that increasing the final weight of the grafted hydrogel over the initial weight of polymer component proves the grafting process. The effect of different GMA concentra- Figure 5 . It is obvious that as the degree of substitution (DS) or grafting degree increases, the grafting percent and efficiency increases. This fact was attributed to the augment in the degree of crosslinking in the hydrogel matrix due to DS rising. Higher DS means high amount of methacrylate groups attached on PVA chains (Crispim et al., 2012) , where the initiated sites on PVA consequently increase and a large number of monomer moieties have been attached. The highest GP% and GE% were achieved at 77% and 96%, respectively at [-OH (PVA)/GMA]: (1/0.25 M). Table 1 also shows a slow increase in yield% of grafted methacrylate on PVA from 89% to 98% by increasing concentration of GMA. This behavior could be due to the compactness of the gel phase that could hinder the mobility of polymeric chains, thus preventing further crosslinking reactions (Pitarresi et al., 2003) . Interestingly, the equilibrium swelling degree (ESD) values have been significantly reduced due to increase GMA ratios. It was due to the formation of a tighter and compacted 3D-network of hydrogel that would reduce the availability of free hydroxyl groups, which correspond to the hydrophilicity of hydrogel. Thus, the penetration of water molecules into the hydrogel network becomes quite difficult, showing a reduction in the swelling degree of the hydrogel. The increase of crosslinking degree restricts the polymeric matrix expansion and then less water amount is absorbed. This result is fully consistent to the result of the grafting and formation of dextran-MA hydrogel (Kim and Chu, 2000) . Dextran-methacryalte hydrogels showed a wide range of swelling from 67% to 227%, where their swelling increases and hydrogel matrices expand with decrease in methacrylate substitutions in hydrogels (Kim and Chu, 2000) .
Effect of grafting reaction temperature
It is well known that as the temperature increases, the rate of reaction increases according to Maxwell-Boltzmann law distribution and Arrhenius kinetic law which is based on an increase in reaction temperature is in general associated with an increase in chemical rate constant. If the substance undergoes heating, the particles move faster and so collide more repeatedly which speeds up the rate of reaction. Thus, increasing the reaction temperature increases the average kinetic energy of its constituent particles which leads the particles to move faster and collide more frequently and possess greater energy when they collide. Figure 6 exhibits the effect of the reaction temperature on the grafting percentage of crosslinked PVA-MA hydrogel, where both GP% and GE% increase with rising the reaction temperature up to 60 o C and then remains constant (Ibrahim et al., 2005) . The maximum GP% and GE% of PVA-MA macro-monomer formed at 60 o C. It could be explained that increasing reaction temperature results in the reaction of the maximum amount of methacrylate molecules with the hydroxyl groups of PVA chains producing the maximum yield of PVA-g-GMA macro-monomer. This behavior reflects positively on the GP% and GE% values. The high temperature was helpful in increasing the bimolecular collisions for PVA and GMA that enhances the diffusion of monomer molecules into the matrix. This fact can be attributed to the decrease of solution viscosity due to increasing the grafting temperature which results in high collisions between particles with enough energy, showing further homogeneity and larger amounts of GMA monomer could be easily grafted onto PVA matrix forming PVAg-GMA macro-monomer. Thus, the chance of crosslinking by photopolymerization is increasing too. On the other hand, it was observed a slight change was observed in the grafting behavior after 60 o C. It was attributed to the reaction between GMA and PVA at higher temperature then 60 o C allowed the possibility of diffusion of all GMA molecules present to the PVA matrix leading to a steric hindrance causing a fast termination reaction (Crispim et al., 2006 and . Table 1 also shows an increase in yield% of grafted methacrylate on PVA by increasing reaction temperature up to 60 o C which is corresponding to the aforementioned speculation. On the other hand, the ESD% values have progressively decreased with increasing the grafting temperature until 80 o C. As, the formed hydrogel at >40 o C has a tighter and compacted crosslinked network structure which results in short crosslinking chains at high temperature of grafting. Thereby, the diffusion rate of water molecules to the hydrogel network will be very limited, and the swelling degree decreases consequently, (Table 1) . Effect of grafting reaction on thermal stability of hydrogels Thermal properties of crosslinked neat PVA and PVAg-GMA dried hydrogels have been conducted by TGA and DSC instruments. The thermograms data have been depicted and summarized in Table 2 . DSC results show a significant improvement of the thermal stability of PVA-g-GMA, due to the occurrence of grafting reaction. As presented in Table 2 , T g values increase gradually from o C owing to grafting of GMA onto PVA which in terms increases crosslinking density of hydrogel resulting in satisfied thermal stability until 0.09M of GMA ratio. Similarly, thermal stability of PVA-g-GMA hydrogels has taken the same thermal behavior according to the presented data of TGA results in Table 2 . TGA thermograms curves of PVA-g-GMA hydrogels with different ratios of GMA have been shown in Figure 7 and also summarized in Table 2 . It is clearly observed that the T d in the second degradation region, T onset , T 50 , and weight loss of PVAg-GMA hydrogels are enhanced apparently by grafting reaction with GMA, owing to the increase of the crosslinking density in presence of high moieties of GMA fractions in polymer chain. These results are consistent with our previous reported results of grafting of L-arginine onto alginate hydrogel, due to grafting reaction (Mohy Eldin et al., 2015) . All TGA determined parameters of PVA-g-GMA hydrogels as aforementioned have ther-mally improved due to the increase of the ratio of GMA until 0.09 M, and afterwards they return to reduce again with high ratios of GMA at 0.125 and 0.25 M. The thermogravimetric results illustrate that, thermal stability of PVA-g-GMA has been clearly improved by the grafting process. Thus, the highest thermal stability was investigated with the highest grafting percentage (PVA/ GMA of 1/0.09 M), then thermal stability was deteriorated with reducing the grafting percentage with molar ratios (1/0.125) and (1/0.25), respectively. This fact was attributed to the amount of grafted methacrylate groups onto PVA improved the thermal stability of PVA-g-GMA, due to their own thermal stability, compared to pristine or low grafted PVA [20, 21] . Therefore, the ratio of GMA (0.09 M) has been chosen as the optimized ratio for completing the preliminary attempts of PVA-g-GMA hydrogels in the biomedical evaluation assessment which will be explored in the second part of this research.
CONCLUSIONS
In conclusion, graft polymers of GMA onto PVA using different grafting reaction conditions can be carried out successfully. The proof of grafting reaction was verified from 1 H-NMR and IR analyses. In addition, chemically modified or grafted PVA was photo-cured using photopolymerization technique through UV-light induced. The effect of variation grafting conditions such as; GMA ratios and grafting reaction temperature and subsequently on the grafting efficiency/percentage and yield% was studied. It was concluded that grafting parameters increases progressively with GMA ratio and also with reaction temperature up to 60 o C. It was worthy to mention here that the grafting reaction of GMA onto PVA has sharply influenced on the surface morphological structure of resultant PVA-g-GMA crosslinked hydrogels, which is owing to the degree of crosslinking density emerging with grafting increase. The study of thermal kinetics of the PVA-g-GMA dried gels prepared with different GMA ratio showed a wide difference comparative with that of the hydrogels prepared without GMA. It was observed that grafting reaction in particular GMA ratio increase has improved the overall thermal stability of UV crosslinked PVA-g-GMA hydrogels until 0.09 M as GMA ratio, and then hydrogels take an opposite thermal degradation behavior. The results are promising; especially the fact that the cost of the used photocrosslinking of solvent-free would be of interest for biomedical applications such as wound dressings and controlled release systems which will be shown in the second extended part of this paper. The extended second part of this work will be discussed in details parameters affecting on hydrogel formation, swelling behavior and bio-evaluation tests assessment in order to use this prepared hydrogel for biomedical applications.
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